Substrate clogging is characterized as a frequently occurring operational problem for subsurfaceflow constructed wetlands. The application of solubilization treatment to reduce clogging was tested in lab-scaled setups to provide a promising solution. The performance of solubilization treatment on reducing clogging and the related effects on plants and biofilms in the wetland system were investigated in this paper. The results showed that the infiltration rate and available porosity of wetland substrate increased as a function of increased dosage of NaOH, HCl, NaClO, and detergent, respectively. Among the four solvents, it appeared that NaClO had the most obvious effects on reducing clogging and the infiltration rate and effective porosity recovered to 69% of the original condition. The two possible reasons for solubilization were the flocculents' structure of the clogs was broken up or parts of the organic clogs were dissolved. The function of adding NaOH and NaClO was to dissolve the protein and polysaccharides of the organic clogs; the function of adding HCl was to release the anaerobic gas wrapped in the organic clogs.
INTRODUCTION
Among several technologies applied to treat wastewater, especially decentralized wastewater, subsurface-flow constructed wetlands is a popular alternative because of its natural-oriented concept and its low cost (Chiarawatchai & Otterpohl 2008) .
One major operational problem for subsurface-flow constructed wetlands is clogging, as has been pointed out by several studies (Platzer & Mauch 1997; Pedescoll et al. 2009 ). Clogging of wetland media will lead to decreased hydraulic conductivity, resulting in problems such as surface flow of wastewater, dead zones, or short circuits (Pedescoll et al. 2009 ). These problems would negatively affect the general treatment performance as well as its operational lifespan (Langergraber et al. 2003; Chiarawatchai & Otterpohl 2008) . Clogging is a complex process, and the reasons for substrate clogging include accumulation of suspended solids, surplus sludge production, chemical precipitation, and deposition in the substrate pores, growth of plant-rhizomes and roots, generation of gas, and compaction of the clogging layer.
This issue is widely discussed in previous work (Cooper & Green 1995; Langergraber et al. 2003; Davison et al. 2005; Caselles-Osorio & García 2006; Usually, substrate clogging occurs because of the accumulation of solid content in wastewater on the surface or within the substrate layer of vertical-subsurface-flow constructed wetlands (VSFCWs) and at the inlet of horizontal-subsurface-flow constructed wetlands (HSFCWs) (Blazejewski & Murat-Blazejewska 1997; Langergraber et al. 2003; .
Generally, the clogging problem can be dealt with by two ways: one is to take precautions (such as septic tank and respectively (Winter & Goetz 2003) . And the use of parallel or reciprocating beds was recommended (Cooper & Green 1995; Winter & Goetz 2003) . However, it will inevitably affect the design-loading rate of an influent, because both options mean lowering the loading rate at a constant wastewater quantity, which implies that more area is needed.
When subsurface-flow treatment wetlands experience bed clogging, the traditional restoration procedure is to remove the clogged bed media and replace it with clean media (Platzer & Mauch 1997) . This action comes at a subsequent high cost while being relatively effective.
Gravel or sand replacement also requires excavated material disposal, which adds to rehabilitation costs.
Another developing restoration alternative is to remove the clogged media, wash it, and return it to the wetland bed (Cooper et al. 2005) . The cost for disposing of dirty gravel is saved, although the cost for extracted biosolids disposal remains. Additionally, the entire wetland system, especially the plant, is destroyed by both of these methods.
Consequently, replantation and time are required before reusing the wetland. 
MATERIALS AND METHODS

Experimental setups (or strategy)
The experimental system consisted of five identical beds 
Measurements
Hydraulic measurements
Effluent flow rates and the infiltration rate were measured every day until stable. The infiltration rate was measured using a Guelph-permeameter, which ensures a constant water head during infiltration. The infiltration rate measure- The values of drainage volume were divided by the total volume before being filled with gravel; then, the values of effective porosity could be calculated. The effective pore volume and the infiltration rate were monitored daily until they became stable.
Physical-chemical measurements
Organic blocking morphology was observed through an Olympus microscope. Organic blocking particle size distribution was analyzed by an automatic laser particle size analyzer (type LS13320). 
Microbiological measurements
To investigate whether there was a long-term negative impact on biofilms, after solubilization treatment each substrate sample was taken on a regular schedule and microbial quantity and enzymatic tests were performed to characterize the activity of the microbiological community.
Bacteria, actinomycetes, nitrifying bacteria, and nitrogenfixing bacteria count used coated plate counting; the detection of urease activity of substrate was accomplished by Nessler's colorimetric method; and sucrase was determined with 3,5-dinitrosalicylic acid (DNS) colorimetric method. All the specific steps are detailed in accordance with the Microbial Analysis Methods Manual (Xu & Zheng 1986) .
Plant measurements
For the same purpose as the microbiological measurements, the plant root activity, soluble sugar, and catalase (H 2 O 2 )
were measured every 7 days. For assays of the soluble sugar content, the anthrone-colorimetric technique was adopted.
Catalase was measured by ultraviolet absorption method;
the root activity was expressed with triphenyl tetrazolium chloride (TTC) reduction intensity, which was found in the Principle and Technology on Physiological and Biochemical of Plant. (Li et al. 1999) .
RESULTS AND DISCUSSION
The performance of solubilization treatment to reduce clogging caused by adding detergent, the detergent was not further investigated as an available solvent.
The reasons for solubilization treatment to reduce clogging
It was hypothesized that the clogs attached on the substrate could be removed by dissolving them or breaking them into small particles and discharging them with effluent. The microscope pictures enlarged 400 times in Figure 4 show that the structure of the clogging matter is different after solvent solubilization treatments. Figure 5 describes the size distribution of treated clogs after solubilization treatment.
As can be seen from Figure 4 , the blocking compound was dispersed less effectively by hydrochloric acid treatment compared with NaOH and NaClO treatments. Parts of the flocculent structure were destroyed and even the microbial cell structure was broken by the NaClO treatment.
As can be seen from Figure 5 The impact on wetlands system after solubilization treatment
The impact on wetlands biofilms
Micro-organisms are the main force of sewage purification in constructed wetlands (U.S. EPA 2000; Tietz et al. 2008) .
To a large extent, the number of micro-organisms represents the wastewater purifying capacity. The changes in the number of bacteria, actinomycetes, nitrifying bacteria, and nitrogen-fixing bacteria on the first and seventh days after solubilization treatment could repair the damage to the micro-organisms and restore the cycle. Experimental results are shown in Table 2 . Table 2 There is a significant correlation between urease activity and the removal of Kjeldahl nitrogen (KN) (Liang et al. 2003) ; sucrase is an important enzyme in the carbon cycle that significantly related to the degradation rate of polysaccharides (Guan 1986 ).
The changes of sucrase and urease enzyme activity on the first and seventh days after solubilization treatment represent the damage to the activities of micro-organisms and the restored cycle. Experimental results are shown in Table 3 .
The similar impact on the enzyme activity as the number of micro-organisms can be seen was seen from Table 3 . It was found that enzyme activity decreased rapidly on the first day and recovered to close to the original activity on the seventh day. However, it has to be validated at larger scale than micro-pots in the laboratory for the difference of the plant density and root growth situation since plant roots provided a habitat for microorganisms (U.S. EPA 2000; Zhang et al. 2009 ).
The impact on wetlands plants
Plant roots are the active organs of absorption and synthetic processes and directly respond to the vitality of the plant.
The solvent directly contacted with plant roots by using Figure 6 and the results are shown in Table 4 .
As can be seen from the Figure 6 , root activity dramatically reduced, and some even could not be measured on the first day after solubilization treatment.
However, even in this case, root activity was restored on the 28th day after HCl and NaOH treatment. That the root of the plants had been filled with the porosity of gravel after
HCl treatment indicated that the plants grew well, whereas plant roots had been partially decomposed after NaClO treatment, as observed in Figure 6 . As a consequence of strong oxidation and alkaline nature of NaClO, the damage to the plant root system is relatively extensive. 
CONCLUSIONS
Solubilization treatment is considered a promising method to remediate clogging in subsurface-flow treatment wetlands. This paper presented the remediation of clogging by adding three solvents (HCl, NaOH, and NaClO) in low concentrations into a vertical-subsurface-flow constructed wetland (VSSF) unit model. The effective porosity and infiltration rate were improved and the clogging was reduced.
The reasons for the solubilization treatment to reduce clogging were categorized into two aspects and were not exactly the same for the three different solvents. The blocking compound was dispersed and parts of the flocculent structure were destroyed by the solubilization treatment, which broke up the clogging materials that were discharged with the waste water. Proteins and polysaccharides were mainly dissolved by the NaOH and NaClO treatment and the generated anaerobic gas packed in the pore space was possibly released by HCl treatment. Furthermore, it should be pointed out that there is some potential gap between lab-scale experiments solutions found by this paper for the limited frame and sites in operation. The presented solution has to be validated at a larger scale.
